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Site  investigations  for  nuclear  power  plants  are  necessary  to  determine  the 
geotechnical  conditions  that  affect  the  design,  cost,  performance,  and  safety 
of  the  plants.  Major  considerations  for  analysis  and  design  include  the  bearini 
capacity  of  foundation  materials,  the  total  and  differential  settlements  of 
structiures  under  static  and  earthquake  loading  conditions,  the  stability  of  cuti 
and  slopes  in  soil  and  rock  under  static  and  earthquake  loading  conditions,  the 
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^underlying  deposits,  and  the  potential  for  liquefaction  of  soils.  Hie  stability 
of  foundations  during  construction  must  also  be  assured. 

The  purpose  of  the  proposed  guidelines  is  to  describe  programs  of  geological 
and  engineering  site  investigations  that  would  be  adequate  to  evaluate  the 
safety  of  the  site  and  to  provide  the  parameters  needed  for  engineering  analy- 
sis eind  design  of  foundations  and  earthworks.  General  requirements  for  site 
investigations  are  discussed.  Methods  of  subsurface  investigation,  including 
their  applicability,  limitations,  and  pitfalls,  are  described.  Proposed  rules 
for  spacing  and  depth  of  subsurface  exploration  for  various  kinds  of  seismic 
Category  I structures  are  given. 
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U.  S.  customary  units 

of  measurement  used 

in  tais  report  can  be  con- 

i 

verted  to  metric  (Sl) 

units  as  follows : 

‘ 

: 

Multiply 

By 

To  Obtain 

1 

: 

: 

feet 

0.301*8 

metres 

I 

; 

feet  per  second 

0.301*8 

metres  per  second 

i 

Inches 

25. U 

millimetres 

! 

1 

Inches  per  second 

25.1* 

millimetres  per  second 

t 

'! 

kips  (force)  per 
square  foot 

1*7.88026 

kilopascals 

' 

miles  (U.  S.  statute) 

1.6093l»l* 

kilometres 

( 

\ 

pounds  (force)  per 
square  foot 

1*7.88026 

pascals 

.. 

pounds  (force)  per 
square  inch 

6891*.  757 

pascals 

j 

pounds  (mass) 

0.1*535921* 

kilograms 

i 

pounds  (mass)  per 
cubic  foot 

16.0181*6 

kilograms  per  cubic  metre 

PROPOSED  GUIDELINES  FOR  SITE  IMVESTIGATIONS 
FOR  FOUMDATIONS  OF  NUCLEAR  POWER  PLAMTS 

A.  INTRODUCTION 

Appendix  A to  10  CFR  Part  100  estalblishes  requirements  for  site  Inves- 
tigations for  nuclear  power  plants  to  permit  an  evaluation  of  the  site  and 
to  provide  Information  needed  for  seismic  evaluation  and  engineering  design. 
Included  In  the  required  Investigations  Is  the  development  of  Information 
relevant  to  stratigraphy,  lithology,  geologic  history,  and  structural 
geology  of  the  site,  and  to  the  static  and  dynamic  engineering  properties 
of  the  materials  underlying  the  site. 

Safety-related  site  characteristics  are  Identified  In  detail  In  Section 
2.5  of  Regulatory  Guide  1.70,  "Standard  Format  and  Content  of  Safety  Analysis 
Reports  for  Nuclear  Power  Plemts."  Proposed  Regulatory  Guide  U.T,  "General 
Site  Suitability  Criteria  for  Nuclear  Power  Stations,"  discusses  major  site 
characteristics.  Including  those  related  to  geology  and  seismology,  that 
would  be  considered  In  determining  the  suitability  of  a particular  site. 

The  needs  of  8i>eclal  attention  to  seismic  considerations  and  to  con- 
cern for  public  safety  require  that  site  explorations  be  carried  out  with 
a sufficient  degree  of  comprehensiveness  and  detail  to  assvre  a high  level 
of  confidence  In  the  results.  This  guide  discusses  programs  of  geological 
and  engineering  site  Investigations  that  are  needed  (a)  to  evaluate  the 
safety  of  the  site  from  the  standpoint  of  the  performance  of  foundations 
and  earthworks  \inder  eJ.1  conditions  that  might  reasonably  be  anticipated. 
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including  the  occurrence  of  earthquakes;  and  (b)  to  provide  the  parameters 
needed  for  engineering  design  of  foundations  and  earthworks.  It  Is  the 
purpose  of  this  guide  to  describe  programs  of  site  Investigation  that  would 
be  considered  adequate  to  meet  those  needs.  This  guide  does  not  deal  with 
hydrologic  Investigations,  except  In  the  context  of  foundation  engineering. 

It  does  not  discuss  methods  of  surface  geophysical  exploration,  or  of 
laboratory  testing,  which  will  be  considered  in'. future  Regulatory  Guides. 

B.  DISCUSSIOH 

Site  Investigations  for  nuclear  power  plants  are  necessary  to  determine 
the  geotechnlcd  conditions  that  affect  the  design,  cost,  performance,  and 
safety  of  the  plants . The  Investigations  must , first , produce  the  Informa- 
tion needed  to  define  the  overall  site  geology,  which  is  needed  for  an 
understanding  of  the  relationships  among  the  strata  and  geological  materials 
of  the  site,  and  for  an  appreciation  of  the  implications  of  observed  site 
conditions  with  respect  to  potential  geologic  hazards . 

Major  considerations  for  analyses  and  design  Include  the  bearing 
capcu:lty  of  foundation  materials,  the  total  euid  differential  settlements 
of  structures  under  static  and  earthquake  loading  conditions,  earth  pressures 
against  walls  under  static  euid  earthquake  loading  conditions,  the  stability 
of  cuts  and  slopes  In  soil  and  rock  under  static  and  earthquake  loading 
conditions,  the  propagation  of  earthquake-induced  motions  through  under- 
lying deposits,  and  the  potential  for  liquefaciiion  of  soils  under  shaking 
that  mic^t  be  Imposed  by  earthquakes.  The  stability  of  fo\indations  during 
construction  must  also  be  assured. 
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To  ass\are  the  functional  integrity  of  foundations  of  safety-related 
structures,  site  investigations  must  meet  the  folloving  geological  and 
geotechnical  needs: 

i.  To  determine  in  deta:!!  the  geologic  origin,  types,  thicknesses, 
sequence,  and  extent  of  soil  and  rock  strata  on  the  site; 
ii.  To  determine  groundwater  conditions; 
ill.  To  determine  the  static  and  dynamic  engineering  properties  of 
foundation  materials  supporting  safety-related  structures,  by  means  of 
in  situ  tests  and  laboratory  testing  of  suitable  samples; 

iv.  To  detect  and  define  any  adverse  geological  conditions,  such  as 
cavities,  faults,  fissures,  or  bodies  of  compressible  or  xmstable  soil, 
which  could  endanger  any  safety-related  structures. 

Although  a site  may  share  many  common  featxires  with  others , each  one 
is  vinique,  and  it  is  not  possible  for  any  plan  or  guide  for  site  investi- 
gations to  cover  all  circumstances  and  contingencies.  The  general  needs 
listed  above  should  take  precedence  over  other  rules , and  be  used  as  a 
guide  in  circimistances  not  otherwise  provided  for. 

The  investigative  effort  required  for  a nuclear  power  plant  should 
naturally  be  greatest  in  intensity  at  the  locations  of  the  Category  I struc- 
tures, and  should  vary  in  intensity  and  kind  in  other  areas  according  to 
their  spatial  and  geological  relations  to  the  site.  For  the  purposes  of 
this  Guide,  Exploratory  Zones  are  designated  as  follows: 

i.  Zone  I comprises  the  immediate  areas  of  fovmdations  for  safety- 
related  (Seismic  Category  l)  structvires  or  systems,  in  addition  to  any 
other  areas  in  which  foundation  failures  or  ground  instability  could  en- 
danger safety -related  structures. 
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11.  Zone  II  comprises  those  areas  vithln  the  site  boundary,  or  in 


which  Btructxires  or  systems  appurtenant  to  the  power  plant  are  located, 
but  not  Included  in  Zone  I. 

Hi.  Zone  III  comprises  those  areas,  not  included  In  Zones  I and 
II,  in  the  environs  of  the  site  and  having  close  geol',-;ical  affinities  to 
the  site  area,  and  in  which  an  understanding  of  the  geological  conditions 
is  needed  for  a complete  assessment  of  the  geology  of  the  site. 

C.  REGULATORY  POSITION 


1.  General  Requirements 

Site  investigations  for  nuclear  power  plants  are  required  to  determine 
the  geological  and  geotechnical  conditions  that  affect  design,  cost,  per- 
formance, and  safety.  They  should  be  adequate,  in  terms  of  thoroughness, 
suitability  of  the  methods  tised,  and  quality  of  execution  of  the  work,  to 
assure  the  functional  integrity  of  the  fo\indations  of  safety-related  struc- 
tures. They  should  provide  the  information  needed  to  assess  the  geology  of 
the  site  and  to  perform  engineering  analysis  and  design  with  a high  degree 
of  confidence  that  foundation  conditions  are  not  less  favorable  than  those 
considered. 

Information  to  be  developed  for  Safety  Analysis  Reports  is  identified 
in  detail  in  Section  2.5  of  Regulatory  Guide  1.70.  Types  of  documentation 
that  are  described  include  topographic  and  geologic  maps;  plot  plans, 
showing  locations  of  major  structures,  borings,  trenches,  and  excavations; 
geologic  profiles;  and  profiles  showing  locations  and  subgrade  elevations 
of  Category  I structures  in  relation  to  subsurface  materieJ-s.  These  data 
should  be  in  sxifficient  detail  and  should  be  Integrated  to  develop  a unified 
view  of  the  project  euid  the  geologic  and  geotechnical  conditions  affecting  it. 


In  addition,  procedtires  and  equipment  used  to  carry  out  the  field 
operations  should  be  thoroughly  documented.  Such  documentation  vill  facili- 
tate the  process  of  review  of  Safety  Analysis  'eports,  and  can  help  in 
demonstrating  the  accuracy  and  reliability  of  the  results  and  the  thorough- 
ness of  the  investigation. 

2.  Revievs  and  Surface  Investigations 

Effective  planning  of  subsurface  investigations  and  intelligent  inter- 
pretation of  the  data  obtained  requires  an  tmder standing  of  the  general 
geology  of  the  site,  and  the  subsurface  investigations  should  be  accompanied 
or  preceded  by  a thorough  geologic  assessment  of  the  site  by  means  of  sur- 
face investigations  and  review  of  available  documentary  materials.  The 
assessment  of  the  site  geology  requires  study  of  the  broader  regional  geol- 
ogy as  well  as  the  geology  of  the  immediate  site  area.  In  most  cases, 
study  of  geology  over  areas  larger  than  the  immediate  area  of  the  site  can 
be  done  by  review  of  available  documentary  materials  and  by  reconnaissance 
methods,  including  study  of  aerial  photographs  and  remote  sensing  Imagery. 
Documentary  materials  (current  and  historical)  that  should  be  reviewed 
Include : 

i.  Topographic  maps 
11.  Geologic  maps 
ill.  Engineering  geologic  maps 
Iv.  Soil  survey  maps 

V.  Geologic  reports  and  othfer  geological  literature 
vl.  Geotechnical  reports  and  other  geotechniceJ.  literature 
vli.  Well  records  and  water  supply  reports 
vlii.  Oil  well  records 
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lx . Hydrological  maps 

X.  I^drologlcal  and  tidal  data  and  flood  records 
xl.  Climate  and  rainfall  records 
xil.  Mining  history,  old  mine  plans,  and  subsidence  records 
xlil.  Seismic  data  and  historical  earthquake  records 
xlv.  Newspaper  records  of  landslides,  floods,  earthquakes,  sub- 
sidence, Emd  other  events  of  geological  or  geotechnical 
significance. 

XV.  Records  of  performance  of  other  structures  in  the  vicinity. 

In  addition,  local  experience  with  regard  to  special  or  unusual  problems, 
such  as  swelling  shales,  occurrences  of  gas,  cavities  In  nonsoluble  rocks, 
or  areal  subsidence  caused  by  pumping  of  water  or  oil  from  wells , should 
be  Investigated  by  consultation  with  individuals,  institutions,  or  firms 
having  local  experience.  These  reviews  should  be  documented,  in  sunmary 
form,  for  inclusion  in  Safety  Analysis  Reports. 

The  site  investigation  should  include  detailed  surface  exploration  of 
the  site  (Zones  I and  II)  and  its  environs  (Zone  III);  further  detsdled 
surface  exploration  may  be  required  in  areas  outside  Zone  III  if  it  is 
needed  for  an  adequate  understanding  of  the  site  geology  or  where  it  is 
required  for  detailed  investigation  of  surface  faulting  in  accordance  with 
Section  IV  of  Appendix  4 to  10  CFR  Peurt  100.  Surface  exploration  for  the 
assessment  of  site  geology  maiy  be  carried  out  with  the  use  of  any  appro- 
priate combination  of  geological,  geopbyslcaLL,  or  engineering  techniques, 
but  nozmally  should  include  the  following: 

1.  Detailed  mapping  of  topographic,  hydrologic,  and  cultural  features 
with  scad.es  and  contour  intervsLLs  suitable  for  engineering  design.  For 


offshore  sites,  coastal  sites,  or  sites  located  near  lakes  or  rivers, 
mapping  should  Include  detailed  hydrographic  surveys  and  surveys  of  hottom 
topography  to  the  extent  that  they  Eire  needed  for  site  eveLLuation  and 
engineering  design.  Positions  of  all  boreholes,  soundings,  trenches, 
exploratory  pits , and  geophysical  surveys  should  be  surveyed,  in  both  plan 
and  elevation,  and  shown  on  maps.  All  surveys  should  be  related  to  a fixed 
and  stable  datum,  and  should  be  made  to  standard  of  accuracy  caamensurate 
with  needs  for  site  evaluation  and  engineering  design. 

11 . Detailed  geological  analysis  of  aerial  photographs , wd  other 
remote-sensing  Imagery  as  appropriate.  This  analysis  should  Include  map- 
ping of  observable  rock  outcrops , soil  conditions , evidence  of  past  land- 
slides or  soil  liquefaction,  faults,  fracture  traces,  llnears,  and  linea- 
ments . 

Hi.  Detailed  mapping  of  siirface  geology, 
iv.  Detailed  mapping  of  features  related  to  groundwater,  such  as 
rivers , streams , surface  drainage  channels , lakes , ponds , springs , and 
sinks. 

3.  Groiindwater  Observations 

Knowledge  of  the  location  of  groundwater  tables,  the  relation  of  ground- 
water  to  bodies  of  sxirface  water,  and  variations  associated  with  seasons  or 
tides  is  required  for  foundation  analyses  of  all  kinds , including  liquefac- 
tion and  ground-response  Einalyses.  Groundwater  observations  made  In  borings 
at  the  time  the  borings  are  made  can  be  grossly  misleading,  and  should  not 
be  relied  on  for  engineering  applications.  Groundwater  observations  should 
be  made  by  means  of  properly  Installed  piezometers,  read  at  regular  Intervals 
from  the  time  of  Installation  through  the  constructios  period.  Piezometer 
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installations  should  he  made  in  at  least  one-fourth  of  the  princip*Ll 
horins>*>  described  in  Para^aph  6 of  this  Section,  or  groundvater 
observation  veils  with  equivalent  spacing.  Vlhere  borings  or  other  evidence 
indicates  the  presence  of  perched  groundvater  tables  or  artesian  presstires, 
plezooeter  installations  should  be  made  to  determine  each  piezometric  level 
Independently.  Care  should  be  taken  in  the  design  and  installation  of 
plezoaeters  to  prevent  communication  between  aquifers.  When  eurtesian 
pressures  are  encountered  in  borings , the  occurrence  should  be  noted  on 
boring  logs  and  the  artesian  hesids  should  be  measured. 

Methods  of  installation  of  piezoaieters  are  discussed  by  Hvorslev  (ll)** 
pp.  79-81,  and  in  Appendix  A of  Reference  2U. 

U.  Requirements  Related  to  Site  Conditions 

General . For  all  sites,  exploration  must  be  csurried  out  so  that  it 
meets  the  genersJ.  needs  stated  in  Section  C.l.  The  present  section  deals 
with  requirements  for  subsurface  exploration  as  they  are  related  to  varioiis 
geologic  conditions  that  may  be  encountered  on  the  site.  Additional  dis- 
cussion of  problem  conditions  may  be  found  in  Appendix  A of  Reference  26 
and  in  Reference  8. 

For  all  foundation  materials,  it  is  necessary  to  determine  the  shear 
strengths  in  all  zones  subjected  to  significant  imposed  stresses,  or  to 
establish  that  they  are  adequate  to  support  the  imposed  loads  with  an  appro- 
priate factor  of  safety.  Similarly,  it  is  necessary  to  determine  the  com- 
pressibilities and  swelling  potentials  of  edl  materials  in  zones  subjected 
to  significant  changes  of  conq)resslve  stresses,  or  to  establish  that  the 

* Defined  in  Appendix  B. 

•*  Numbers  in  peurentbeses  refer  to  the  nundiered  entries  in  Appendix  A. 
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deforaatlons  will  be  less  them  some  safe  veiLue.  niese  needs  nay  be  satis* 
fled  by  suitable  in  situ  tests*  and  classification  tests  in  dense,  compe- 
tent materials,  or  may  require,  in  addition,  the  recovery  of  undisturbed 
samples  for  appropriate  laboratory  testing.  Determination  of  dynamic  modu- 
lus and  damping  values  is  required  for  all  soil  strata  for  the  purpose  of 
earthquake  response  analyses;  this  may  be  done  by  recovery  of  suitable  un- 
disturbed samples  for  laboratory  testing,  and/or  by  appropriate  in  situ  tests. 

Sampling  of  soils  should  include,  at  a minimum,  recovery  of  samples 
for  indentification  and  classification  of  all  soil  strata,  and  for  water 
content  and  density  measurements  in  materials  with  cohesion,  from  all 
principal  borings.  Samples  should  be  obtained  at  all  depths  where  changes 
of  material  are  encountered.  The  sampling  frequency  needed  is  dependent  on 
the  variability  of  the  soils  and  on  the  nature  of  the  structures  involved; 
in  most  cases,  samples  should  be  obtained  at  intervals  of  no  more  than 
three  feet.  Where  sampling  is  not  continuous,  samples  should  not  be  taken 
at  the  same  depths  in  all  borings,  but  should  be  arranged  so  that  all  soil 
intervals  are  represented  by  samples  from  some  borings.  In  supplementary* 
borings,  made  for  the  piirpose  of  defining  some  specific  anomaly  or  soil 
body,  sampling  may  be  confined  to  the  zone  of  specific  interest. 

In  some  kinds  of  problems,  such  as  potential  liquefaction  or  slope 
instability,  relatively  thin  zones  of  weak  or  unstable  soil  contained  within 
strata  of  more  competent  materials  may  be  critical.  Wherever  there  is  evi- 
dence to  suggest  that  such  a condition  should  be  considered,  sampling  in 
subsequent  borings  should  be  continuous  through  all  suspect  zones,  or  the 
sampling  interval  shovild  be  sufficiently  small  to  assure  that  no  critical 

* Defined  in  Appendix  B. 
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zones  will  be  overlooked.  Additionally,  at  least  one  boring  with  such  de- 
creased sampling  intervals  should  be  made  at  the  location  of  every 
Category  I structure. 

Vfhere  it  is  not  possible  to  obtain  continuous  samples,  or  samples  at 
sufficiently  small  intervals,  in  a single  boring,  equivalent  samples  may  be 
obtained  from  a set  of  closely  spaced  borings.  In  such  a set  of  borings, 
only  one  should  be  considered  to  be  a principal-  boring. 

Undisturbed  samples  of  highest  quality  are  obtained  by  carefully  per- 
formed hand  trimming  of  block  samples  in  accessible  excavations.  However, 
it  is  normally  not  feasible  to  obtain  samples  at  the  requisite  spacings  and 
depths  by  this  method  alone  because  of  the  excessive  effort  and  expense  it 
would  entail,  and  it  is  customary  to  use  thin-wall  tube  samplers  in  borings 
for  the  major  part  of  the  undistirrbed  sampling  in  any  site  exploration 
program.  The  needed  frequency  of  sampling  is  normally  less  in  accessible 
excavations  than  in  borings  because  the  materials  cem  be  inspected  in  situ 
and  sampling  locations  chosen  in  the  most  representative  or  critical  materials. 
Where  accessible  excavations  are  used,  they  should  be  logged  and  mapped  in  de- 
tail, and  representative  samples  should  be  taken  of  all  materials  encountered. 
Undisturbed  samples  should  be  taken  so  as  to  represent  typical  materials  as 
well  as  materials  that  are  critical  or  anomalous  in  terms  of  strength,  com- 
pressibility, or  density.  They  should  be  taken  in  sufficient  number  to  provide 
average  values  of  the  material  properties  and  to  indicate  their  variability. 

Rock.  The  engineering  characteristics  of  rocks  are  dependent  primarily 
on  their  structure,  bedding.  Jointing,  and  weathering,  and  core  samples  are 
needed  to  observe  these  features.  Rock  Intervals  penetrated  in  principal 
borings  should  be  sampled  by  suitable  coring  methods  down  to  a depth  at 

idiich  bedding  and  Jointing  do  not  significantly  affect  the  foundation 
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performance  of  the  rock,  and  further  vhere  required  for  the  invest  lotion 
of  zones  that  are  critical  to  the  evaluation  of  the  site  geology.  Within 
the  Intervals  significant  to  foundation  performance,  any  zones  of  poor 
core  recovery,  dropping  of  rods,  or  lost  circulation  should  be  investigated 
by  means  of  suitable  logging  or  In  situ  observation  methods  to  determine  j 

the  nature,  geometry,  and  spacing  of  any  discontinuities.  Where  voids, 
channels,  or  fissures  are  encotintered  vith  soil  filling,  representative 
samples  of  the  filling  materials  should  be  obtained. 

Materials  unsuitable  for  foundations.  Materials  such  as  vegetation, 
topsoil,  peat,  organic  soil,  muck,  or  soft  clay  are  considered  unsuitable 
for  foundations  of  nuclear  power  plants.  Whenever  It  has  been  determined 
that  a body  of  soil  is  to  be  removed  and  wasted,  because  of  undesirable 
properties  or  for  other  reasons,  sampling  and  In  situ  testing  should  be 
done  to  the  extent  needed  for  Identification  and  to  establish  the  boundaries 
of  the  body  with  the  degree  of  accuracy  required  by  any  analyses,  such  as 
earthquake  response  analyses.  Involving  the  adjacent  materials. 

Borrow  materials.  Post-construction  performance  of  fills  depends  on 
the  composition  of  the  borrow  materials  and  the  methods  of  placement  and 
compaction,  and  thus  the  requirements  for  exploration  of  borrow  sources 
involve  primarily  the  determination  of  the  amount  of  borrow  available, 
mapping  its  boundaries,  and  obtaining  samples  adequate  for  necessary  labo- 
ratory testing,  including  determination  of  natural  moisture  contents. 

Sampling  programs  for  borrow  sources  should  provide  representative  san^les 
with  sufficient  horizontal  and  vertical  frequency  to  establish  statistical 
measvires  of  the  material  properties  and  their  variability,  and  of  suffi- 
cient size  to  permit  laboratory  tests  for  classification,  gradation  ansilyses, 
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compaction  behavior,  and,  for  granular  materiaLLs,  liquefaction  behavior. 

The  data  obtained  should  be  verified  during  the  construction  of  the  plant. 

Where  it  has  been  determined  that  materials  vlll  be  overexcavated  and 
replaced  sis  compacted  backfill,  they  may  be  treated  as  borrow  materials. 

Moderately  compressible  or  normally  consolidated  clays.  Wherever 
materisLls  of  this  type  occur,  consideration  must  be  given  to  the  probl«ns 
of  settlement,  besurlng  capacity,  slope  stability,  and  groiuid  response  to 
seismic  motions.  The  response  of  the  foundation  in  these  modes  depends 
on  the  structure  of  the  clay  in  situ,  and  thus  reliable  determination  of 
material  properties  requires  testing  of  undisturbed  samples.  Undisturbed 
samples  should  be  obtained  by  means  of  suitable  thln^wall  tube  samplers, 
or  by  methods  \rtiich  yield  samples  of  equivalent  quality.  They  should  be 
continuous  throughout  the  compressible  strata  in  all  principal  borings. 

Granular  soils.  Plants  foianded  on  granular  soils  require  the  consid- 
eration of  beewing  capacity,  settlements  under  static  and  e8u*thquake  load- 
ing conditions,  propagation  of  earthquake  motions,  and,  if  the  soils  are 
saturated  or  may  become  saturated  during  the  operating  life  of  the  plant, 
possible  liquefaction  under  earthquake  loadings.  The  susceptibility  of  a 
soil  to  liquefaction  depends  on  several  factors,  including  its  grain-size 
distribution,  intergran\ilar  structure,  degree  of  saturation,  and  density. 

In  some  cases,  it  is  possible  to  establish  the  safety  of  a soil  mass  with 
respect  to  liquefaction  by  means  of  the  grain-size  distribution,  as  deter- 
mined from  representative  samples,  and  conservative  estimates  of  the  density 
freon  the  results  of  in  situ  tests.  Including  the  Standard  Penetration  Test, 
seismic  velocity  tests,  and  others,  used  in  combination.  The  Standard 
Penetration  Test,  however,  must  be  used  with  the  utmost  caution  for  this 
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purpose.  Published  correlations  between  the  SPT  blow  count  value  and  the 
relative  density  represent  average  trends  of  highly  variable  data,  and  may 
be  unconservative.  Generally,  Interpretation  of  relative  density  from 
SPT  values  requires  a site-specific  correlation  made  from  a data  base 
adeqviate  to  provide  statistical  validity  for  the  correlation  and  the  degree 
of  uncertainty  In  It.  In  the  absence  of  a correlation  so  obtained,  the 
SPT  may  not  be  used  as  the  sole  criterion  for  evaluating  the  stability  of 
granular  deposits. 

Where  safety  against  liquefaction  can  not  be  clearly  established  by 
In  situ  tests,  a program  of  iindlsturbed  sampling  will  be  reqiilred.  Undls- 

I 

I turbed  samples  should  be  obtained  by  means  of  flxed-plston , thln-wall  tube 

( 

samplers,  with  the  use  of  drilling  mud;  or  by  methods  which  yield  undis- 

i turbed  samples  of  equlveLLent  quality.  Samples  of  all  suspect  strata  should 

be  obtained.  Sufficient  samples  should  be  obtained  to  permit  required 
laboratory  testing  for  all  relevant  stress  and  earthquake  loading  condi- 
tions. The  number  of  samples  to  be  obtained  and  the  number  and  spacing  of 
required  borings  depend  on  the  variability  of  the  soli  conditions,  but  they 
shou  epresent  at  leeist  one  boring  at  the  location  of  each  Category  I 
structure.  The  sampling  should  be  supplemented  by  splitspoon  sampling  and 
Standard  Penetration  Tests  in  principal  borings  in  vhich  undisturbed  sam- 
ples are  not  taken,  or  by  cone  penetration  tests  on  equivalent  spacing. 

Boulders,  gravel,  or  sand-gravel  mlxtxires.  Granular  soils  containing 
coarse  particles  are  among  the  most  difficult  of  materials  for  which  to 
determine  in  situ  properties,  but  some  types  may  be  potentially  xinstable 
under  earthquake  loading  conditions,  and  the  needs  for  determination  of  in 
situ  properties  are  not  less  stringent  than  for  soils  that  are  easier  to 
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sample  and  test.  Minimal  retiulrements  are  the  determination  of  in  situ 
denslty^  and  the  recovery  of  sauries  sultahle  for  Identification,  mechanical 
analysis,  and,  idien  the  need  is  Indicated,  laboratory  testing  of  reconsti- 
tuted saaqples  for  shear  strength  and  ll(iuef£ictlon  behavior. 

In  any  materieil  where  the  liquefaction  potentieJ.  is  in  question,  the 
preferred  method  of  investigation  is  by  recovery  of  undisturbed  samples. 
Because  undisturbed  samples  of  coarse  granular  soils  can  not  be  obtained 
in  boreholes  by  presently  available  samplers,  imdisturbed  sanpling  requires 
the  use  of  trenches,  pits,  or  other  accessible  excavations  into  the  suspect 
zones.  It  may  be  possible  in  some  cases  to  establish  by  means  of  evidence 
from  suitable  in  situ  tests  that  the  density  is  within  a range  that,  con- 
sidering the  grain- size  distribution,  obviates  any  reasonable  possibility 
of  groTond  instability  under  shaking  imposed  by  the  SSE.  The  SPT  is  not  a 
suitable  test  for  this  purpose,  since  the  presence  of  gravel-size  particles 
makes  the  blow  count  values  unreliable. 

Subsurface  cavities.  Subsurface  cavities  may  occur  in  water-soluble 
rocks,  in  lavas,  and,  less  conmionly,  as  the  result  of  subterranean  erosion 
in  weakly  Indurated  sedimentary'  rocks.  Because  of  the  solution  suscepti- 
bility of  limestones  and  their  wide  distribution,  the  occux*rence  of  features 
such  as  cavities,  sinkholes,  and  solution-widened  Joint  openings  is  a common 
engineering  problem.  The  present  state-of-the-art  of  exploration  and  con- 
struction in  areas  of  carbonate  rocks  is  not  wholly  satisfactory,  and  many 
recent  experiences  have  shown  that  solution  'features  may  be  numerous  even 
\diere  satisfactory  conditions  are  indicated  by  what  appears  by  usual  stand- 
ards to  be  a large  number  of  borings.  For  this  reason,  and  because  the 
degree  of  conservatism  required  for  nuclear  power  plants  is  necessarily  high 


any  site  on  carbonate  rocks  shoiild  be  considered  suspect  until  Its  fTeedoa 
from  solution  features  has  been  demonstrated  by  a coaiprebenslve  exploration 
program,  and  provision  should  be  made  for  verification  of  the  foundation 
conditions  by  Inspection  of  any  bedrock  exposures  made  during  construction. 
Any  solution  featvires  that  do  exist  should  be  located  and  defined  for  the 
purpose  of  remedial  meas\ires. 

Investigations  may  be  carried  out  with  borings  or  by  borings  in  con- 
Junctlon  with  accessible  excavations,  soundings,  geophysical  surveys*,  or 
a suitable  combination  of  such  methods.  Ihe  details  of  a suitable  program 
of  investigation  will  depend  on  the  details  of  the  site  geology  and  on  the 
nature  emd  design  of  the  structures  involved.  However,  it  should  be  for- 
mulated and  carried  out  in  such  a way  as  to  assure  the  detection  of  any 
cavity,  whether  air-,  water-,  or  soil-filled,  that  is  of  such  size  and  at 
such  location  that  it  could  endanger  the  integrity  of  Category  I structures. 

Any  indications  of  the  presence  of  cavities,  such  as  zones  of  lost 
circulation,  mud  fillings,  poor  core  recovery,  or  dropping  or  settling  of 
drilling  rods,  or  anomalies  that  suggest  voids  in  geophysical  surveys  or  in 
situ  tests,  should  be  defined  geometrically  by  means  of  accessible  excava- 
tions or  inclined  borings.  While  such  indications  may  represent  Joints, 
they  are  also  consistent  with  large  solution  voids  that  may  be  open  or 
fully  or  partially  filled  with  water  or  soil. 

The  occurrence,  distribution,  and  geometry  of  subsurface  cavities  eure 
highly  unpredictable,  and  it  can  not  be  assured  that  any  preconstruction 
exploration  program,  no  matter  how  ccxnpetently  planned  and  executed,  will 

* Various  geophysical,  techniques  for  the  detection  of  cavities  are  discussed 
in  Reference  U. 
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fully  reveal  all  subsurface  voids.  Therefore,  where  a site  is  on  solution- 
susceptible  rock,  provision  should  be  made  for  inspection  of  the  rock  after 
stripping  or  excavation  is  complete,  if  the  rock  is  exposed,  and  for  neces- 
sary remedial  grouting  or  other  corrective  measures. 

Faults  or  fracture  zones.  The  presence  of  faulting  or  fracture  zones 
may  be  indicated  by  siirface  featvires,  linears  or  lineaments  on  aerieJ.  photo- 
graphs or  remote  sensing  imagery,  by  plausible  projections  of  faults  from 
locaticms  off-site,  or  by  evidence  from  subsurface  or  geophysical  explora- 
tion. A careful  study  should  be  made  of  the  site  6uid  its  environs  to 
determine  whether  such  evidence  of  faulting  exists,  and  any  faulting  indi- 
cated by  documented  earlier  geological  studies  should  be  investigated  to 
determine  whether  its  existence  is  supported  by  such  evidence. 

The  scope  of  the  required  investigations  for  the  piorposes  of  deter- 
mining the  vibratory  ground  motion  associated  with  the  SSE  and  for  deter- 
mining the  extent  to  which  the  plant  need  be  designed  for  surface  faulting 
is  described  in  Section  IV  of  Appendix  A,  10  CFR  Part  100. 

Sites  that  include  capable  faiilts  (as  defined  in  Appendix  A,  10  CFR 
Peurt  100)  are  considered  to  be  unsuitable  for  nuclear  power  plants*. 

Other  faults  or  significant  fractxnres  that  occur  in  locations  where  they 
might  affect  the  safety  of  Category  I structures  should  be  investigated 
in  sufficient  detail  to  define  their  geometry,  including  length,  inclina- 
tion, and  displacement;  the  nature  and  condition  of  materials  in  the  zone 
of  faxilting  or  fracturing;  and  the  location  and  condition  of  any  subsidiary 
faults  or  frutures  associated  with  them,  niese  investigations  should  be 


• Regulatory  Quide  h.J. 
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carried  out  by  means  of  a suitable  coordinated  program  of  trenches,  borings, 
and  appropriate  geophysical  surveys. 

Trenches  should  be  used  at  the  locations  of  all  Category  I structures 
that  lie  on  the  surface  traces  of  fault  or  freuiture  zones.  1516  surfaces 
exposed  In  trenches  should  be  carefully  mapped,  logged,  and  photographed 
by  qualified  engineering  geologists,  and  samples  should  be  obtained  to 
represent  all  soil  or  rock  units  exposed  and  ed.1  materials,  such  as  fault 
gouge  or  fillings , found  In  the  fault  or  fracture  zone . Subsurface  Inves- 
tigations should  Include  a combination  of  vertlcel  borings  and  Inclined 
borings,  vlth  appropriate  sampling  and  logging  of  the  boreholes. 

5.  Methods  of  Subsxirface  Investigation 

General . Methods  or  techniques  of  subsijrface  Investigation  discussed 
In  this  section  Include  methods  of  access  for  sampling,  testing,  or  obser- 
vation; methods  of  recovering  samples  of  geologic  materials;  and  methods 
of  In  situ  testing  to  determine  the  mechanical  properties  or  identity  of 
soils  or  rocks. 

A number  of  important  euid  widely  used  techniques  for  subsurface  inves- 
tigation are  listed  In  tabular  form  In  Appendix  C,  which  also  contains 
citations  of  appropriate  standards  or  descriptions  of  procedures  from 
sources  in  the  literature,  and  general  guidelines  on  the  applicability  of 
these  methods  and  on  some  limitations  and  potential  pitfalls  in  their  use. 

The  applicability  as  indicated  in  Appendix  C is  not  definitive.  The  use 
of  listed  techniques  other  than  as  indicated  is  acceptable  when  it  can  be 
shown  that  they  yield  satisfactory  results.  Also,  techniques  other  than 
those  listed  may  be  used  wherever  they  are  appropriate  to  the  site  condi- 
tions and  to  the  resiilts  required. 
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The  attainment  of  satisfactory  and  reliable  results  In  drilling, 
sampling,  and  testing  Is  dependent  on  proper  procedures  being  followed  In 
all  details  of  operations  and  on  timely  recognition  and  correction  of  po- 
tential sources  of  error.  It  is  essential  that  field  operations  be  super- 
vised by  qualified  professional  personnel  at  the  site  of  operations  and 
that  systematic  steuidards  of  practice  be  followed.  Written  instructions 
sho\ild  be  provided  for  the  guidance  of  field  personnel  in  procedures  to 
be  followed  for  drilling  and  sampling  operations  euid  for  in  situ  testing. 
Such  instructions  should  describe  the  procedures  to  be  followed  in  all 
aspects  of  the  field  operations.  Where  appropriate,  this  may  be  done  by 
reference  to  published  stsuidards,  manuals,  or  the  like,  copies  of  which 
shotild  be  provided  for  \ise  in  the  field.  Any  planned  deviations  from 
materials  that  are  incorporated  by  reference  in  the  instructions  should  be 
explicitly  stated.  Also,  field  records  should  show  wherever  conditions 
encoxjntered  in  the  field  required  deviation  from  the  written  instructions. 

Drilling.  In  nearly  every  site  investigation,  primary  reliance  is 
placed  on  borings  and  borehole  sampling.  Drilling  methods  and  procediures 
used  should  be  consistent  with  sampling  requirements  and  with  the  methods 
of  sample  recovery  that  are  to  be  anployed.  Comprehensive  descriptions 
of  all  phases  of  drilling  and  sampling  operations  are  given  by  Hvorslev 
(11).  The  U.  S.  Army  Manual,  EM  1110-2-1907  (29),  and  the  U.  S.  Navy  Design 
Manual,  NAVFAC  DM-7  (3l)  are  useful  guides  for  field  engineers;  they  may, 
however,  require  supplementation  to  meet  the  needs  of  particular  projects. 

Borings  used  for  imdisturbed  sampling  of  soils  should  be  at  least 
three  inches  in  diameter,  and  the  top  of  the  hole  should  be  protected  by 
suitable  siirface  casing  where  needed.  Below  the  surface,  the  borehole 
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should  he  protected  hy  drilling  fluid  or  casing,  as  necessary,  to  prevent 
excessive  caving  and  disturbance  of  materials  to  be  sas^tlLed.  Ibe  use  of 
bottom-discharge  bits,  or  of  washing  with  open-ended  pipe,  for  cleaning 
or  advancing  the  borehole  should  not  be  permitted.  Washing  may  be  used 
for  cleaning  the  borehole  if  it  is  done  with  low  to  medium  fluid  pressure 
and  with  upward-deflected  Jets. 

Systematic  records  should  be  kept  of  all  operations  and  of  ground 
conditions  noted  during  drilling.  The  groimdwater  or  drilling  mud  level 
should  be  mesisured  at  the  start  and  end  of  work  each  day,  for  borings  in 
progress,  at  the  completion  of  drilling,  and  2U  hours  or  more  after  drilling 
is  completed.  All  depths  and  amounts  of  water  or  drilling  mud  losses, 
together  with  depths  at  irtiich  circulation  is  recovered,  should  be  recorded 
and  reported  on  boring  logs  and  on  geological  or  soils  cross  sections. 

This  shoxild  also  be  done  for  settling  or  dropping  of  drill  rods,  abnormally 
low  resistance  to  drilling  or  advance  of  samplers,  core  losses,  instability 
or  heave  of  the  bottom  of  boreholes,  influx  of  groundwater,  and  any  other 
abnormal  feature  or  occurrence. 

Depths  should  be  measured  to  the  nearest  one-tenth  foot,  and  they 
should  be  referrable  to  the  elevation  datimi  used  for  the  site  so  that  the 
elevations  of  points  in  the  borehole  can  be  determined  with  an  accuracy  of 
one-half  foot,  or  better.  Deviation  surveys  shoxild  be  run  in  all  boreholes 
that  are  used  for  crosshole  seismic  tests.  Before  abandonment,  each  bore- 
hole should  be  backfilled  or  grouted  with  material  that  will  prevent  movement 
of  groundwater  in  the  borehole. 

Sampling.  Samples  should  contain  ell  of  the  mineral  constituents  of 
the  strata  from  which  they  are  taken,  and  in  the  same  proportions,  and 
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should  be  uncontaminated  (representative  samples ) . For  some  purposes 


it  is  rei^ulred  also  that  they  represent  the  in  situ  structure  sufficiently 
veil  that  they  are  suitable  for  tests  of  properties  that  depend  on  the 
struct\ire  (undisturbed  samples). 

Undisturbed  san^les  of  soils  may  be  obtained  by  hand  trimming  of 
materials  exposed  in  accessible  excavations  (see  Appendix  C),  or  by  means 
of  emy  of  several  types  of  borehole  sas^lers  such  as  thln-wall  tiibe  samplers . 
Where  tube  san^jlers  are  used,  the  following  criteria  should  be  met: 

1.  Tubes  used  should  meet  the  specifications  of  ASTM  Standard  D 
1587-  67  (1); 

ii.  The  Area  Ratio*  of  the  saa^jler  should  not  exceed  13  percent,  and 
preferably  should  not  exceed  10  percent; 

iii.  The  Specific  Recovery  Ratio*  should  be  between  95  percent  and 
100  percent; 

Iv.  The  Inside  Clearance  Ratio*  should  be  the  minimum  value  required 
for  complete  sample  recovery; 

V.  The  samples  recovered  shotild  contain  no  visible  distortion  of 
strata,  or  opening  or  sofvening  of  materials. 

The  recovery  of  undisturbed  samples  of  good  quality  is  dependent  on 
rigorous  attention  to  details  of  equipment  and  procedure.  Proper  cleaning 
of  the  hole,  by  methods  that  do  not  produce  avoidable  disturbance  of  the 
soil,  is  required  before  seunpling;  the  sampler  should  be  advanced  in  a 
manner  that  does  not  produce  avoidable  disturbance;  in  the  use  of  fixed- 
piston  sanq)lers,  the  drilling  rig  should  be  firmly  anchored,  or  the  piston 
should  be  fixed  to  an  external  anchor,  to  prevent  its  moving  upward  during 


* Defined  in  Appendix  B. 


the  puBh  of  the  sampling  tube;  and  care  should  be  taken  to  assure  that  the 
sample  Is  not  disturbed  dvirlng  removal  from  the  borehole  or  disassembly  of 
the  sampler.  References  29  and  31  provide  descriptions  of  suitable  pro- 
cedures for  obtaining  undisturbed  samples. 

With  the  conscientious  use  of  proper  field  techni<iues,  undist\irbed 
samples  can  nonnally  be  recovered  by  means  of  thin-wall  tube  samplers  with- 
out serious  difficulty  in  normally  consolidated  clays  and  silts.  Recovery 
of  good  \indisturbed  samples  in  seuids  requires  greater  care  than  in  clays , 
but  with  due  care  and  attention  to  detail > adequate  undisturbed  saaqples 
can  be  obtained  with  thin-wall  tube  piston  samplers  in  most  s€inds  that  are 
free  of  boulders  and  gravel  particles.  Appendix  C lists  a niimber  of  sam- 
pling methods  that  are  suitable  for  use  in  these  and  other  materials. 

Undistvirbed  samples  of  boulders,  gravels,  or  sand-gravel  mixtures  gen- 
erally can  not  be  obtained  from  boreholes  by  means  of  presently  available 
samplers.  Test  pits,  shafts,  or  other  accessible  excavations  may  be  used 
with  hand  sampling  methods  where  in  situ  density  must  be  determined.  Where 
the  materials  in  question  are  below  the  groxindwater  table,  dewatering  by 
means  of  well  points  or  other  suitable  mechods  is  required.  Osterberg  and 
Varaksin  (19)  describe  a sampling  program  using  dewatering  of  a shaft  in 
sand  with  a frozen  surrounding  annulus.  Samples  suitable  for  density  deter- 
minations, though  not  for  tests  of  mechanical  properties,  may  sometimes  be 
obtained  from  boreholes  with  the  help  of  chemical  stabilization  or  lJiq)reg- 
nation  (12,  32).  Special  precautions  are  required  when  toxic  chemicals  sure 
used.  Also,  where  aquifers  are  involved,  it  may  not  be  permissible  to 
inject  chemicals  or  grouts  into  them.  Useful  discussions  of  methods  of 
sampling  granular  soils  are  given  by  Hvorslev  (ll)  and  Barton  (3). 
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Handllntt.  field  Storage,  and  traifportatlrri  cf  aanples.  Treatment  of 


sa2q;>les  after  their  recovery  from  the  gro\md  is  as  critical  to  their  quality 
as  the  procedures  used  in  obtaining  them.  Samples  of  cohesionless  soils 
are  particiiLarly  sensitive  to  disturbance  in  handling,  and  require  extreme 
care  during  removal  from  the  borehole,  removal  of  the  sample  tube  from  the 
sampler,  and  subsequent  handling,  in  order  to  prevent  disturbance  from 
Impact  and  vibration.  Reference  29  gives  details  of  procedures  that  btc 
appropriate  for  labeling,  field  preparation,  field  storage,  tmd  transpor- 
tation of  undisturbed  samples  of  both  cohesive  and  cohesionless  soils. 

Special  precautions  are  reqtilred  in  transportation  of  undisturbed  samples, 
because  of  the  greatly  increased  exposure  to  vibration  and  imp€M:t.  They 
should  be  kept  in  an  upright  (vertical)  position  at  all  times,  should  be 
well  padded  to  Isolate  them  from  vibration  and  Impacts,  and  should  be 
transported  with  extreme  core  at  moderate  speed.  Transportation  by  com- 
mercial carriers  should  not  be  permitted.  If  the  configuration  or  nature 
of  the  undisturbed  samples  is  such  that  these  procedures  are  Inapplicable, 
the  saiiQ)les  should  be  hemdled  by  methods  that  give  them  equivalent  protec- 
tion from  disturbance. 

Disturbed  or  representative  samples  of  small  size  may  be  sealed  in 
the  same  way  as  undisturbed  samples,  if  in  tubes,  or  may  be  placed  in  suit- 
ably marked,  noncorroding,  airtight  containers.  Large  representative  sa]iq>les 
may  be  placed  in  noncorroding  cans  or  other  vessels,  or  in  bags  of  plastic 
or  tightly  woven  cloth  that  does  not  permit  loss  of  fine  particles  by 
sifting.  Such  samples  may  be  transported  by  any  convenient  means. 

Rock  cores  should  be  stored  and  transported  in  strong  boxes , provided 
with  suitable  dividers  to  prevent  shifting  of  the  cores  in  either  direction. 
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They  shoTild  be  clearly  and  unambijuovisly  labeled  to  identify  the  site 
and  boring  number,  the  core  interval,  and  the  top  and  bottom  of  the  core. 

If  it  has  a removable  lid,  labeling  ahovild  be  placed  on  and  inside  the 
body  of  the  box,  in  addition  to  any  that  may  be  placed  on  the  lid.  Samples 
to  be  used  for  fluid  content  determinations,  and  shale  saii5>les  to  be  used 
for  tests  of  mechamical  properties,  should  be  protected  from  changes  in 
fluid  content.  Core  samples  should  be  transported  with  due  care  to  avoid 
breakage  or  disturbance. 

6.  Spacing  and  Depth  of  Subsurface  Investigations 

General__considerrtion^.  Dex>tb  and  spcu:lng  requirements  for  subsurface 
investigations  are  determined  by  the  types  of  structures  Involved  and  by 
the  character  of  the  foundation  materials.  It  is  not  us\ially  possible  to 
establish  a priori  a minimum  level  of  exploratory  effort  that  will  be  ade- 
quate to  define  the  geological  conditions  and  to  provide  other  required 
data  at  a particular  site,  because  it  is  dependent  on  the  site  conditions. 
Therefore , these  guidelines  may  not  be  adequate  to  deal  with  every  case  that 
may  be  encountered  in  the  field.  In  any  case,  the  need  to  assure  the  safety 
of  the  plant  should  take  precedence  over  any  arbitrary  rules . 

Subsurface  conditions  me^y  be  grouped  into  three  broad  classes  on  the 
basis  of  the  kinds  of  considerations  that  govern  the  necessary  spacing  and 
eurrangement  of  subsurface  explorations. 

i.  Conditions  may  be  considered  to  be  "normal"  if  the  features  to  be 
defined  are  large  compared  to  practicable  boring  spacing,  and  all  signifi- 
cant stratigraphic  boundaries  are  correlatable  from  one  boring  or  sounding 
location  to  the  next  with  relatively  smooth  variations  in  thicknesses  or 
properties  of  the  units.  Occasional  anomalies  or  a limited  number  of 


abrupt  lateral  variations  aay  occur;  if  so,  they  should  be  considered  in 
deterainlng  the  spacing  and  layout  of  subsvirface  esplorations.  This 
condition  peimits  the  maximum  spacing  of  borings  for  adequate  definition 
of  the  subsurface  conditions  on  the  site,  and  it  is  the  condition  consid- 
ered for  the  rules  on  spacing  and  depth  as  given  in  Appendix  D. 

li.  Occasionally  deposits  may  be  encountered  in  vhich  the  deposltional 
patterns  are  so  complex  that  only  the  major  stratigraphic  boundaries  are 
correlatable  and  material  types  or  properties  may  vary  within  major  units 
in  an  apparently  random  manner  frcmi  one  boring  to  another.  The  number  of 
borings  required  will  be  determined  by  the  need  for  establishing  average 
valuer  of  the  material  properties,  cumulative  thicknesses  of  the  various 
material  types,  and  the  degree  of  variability  and  ranges  of  these  quanti- 
ties. It  should  therefore  be  established  by  tests  for  the  statistical 
significance  of  the  data,  with  a lover  limit  as  in  the  normal  condition. 

ill.  A difficult  exploration  problem  may  be  presented  when  geological 
associations  or  other  evidence  suggests  the  presence  of  local  anomalies  or 
discontinuities,  such  as  cavities,  sinkholes,  fissures,  faults,  or  pockets 
of  unstable  or  highly  coiiq>ressible  soil.  Zn  such  a case,  the  normal  explora- 
tory work  should  be  supplemented  by  borings  or  soundings  at  a spacing  small 
enou^  to  assTu-e  the  detection  of  any  such  featiire  that  is  of  sufficient  size 
to  affect  the  structures,  and  penetrating  to  a depth  below  the  greatest  depth 
at  which  their  presence  could  adversely  affect  the  safety  of  the  structures. 

A properly  plazmed  program  of  geophysical  investigations  may  be  used  to 
supplement  the  boring  and  sovindlng  program,  in  which  case  the  spacing  of 
borings  and  soundings  should  be  such  as  to  assure  the  detection,  either  by 
direct  penetration  or  by  geophysical  measurements,  of  any  such  feature  that 
is  of  sufficient  size  to  affect  the  structxures. 


Layout  of  subBTirfaee  Mcploratioos . The  locations  of  the  subsurface 
InTestlgatlons  should  be  veil-disposed  over  the  site,  so  as  to  best  define 
the  geological  conditions.  Usually  a uniform  grid  does  not  provide  the 
most  effective  disposition  of  exploration  locations,  unless  the  site  con- 
ditions are  verj'  .miform  or  are  randomly  variable.  The  initial  borings 
should  be  laid  out  on  the  basis  of  conditions  indicated  by  preliminary 
recotmaiasance,  and  locations  for  subsequent  explorations  should  be  chosen 
so  as  to  best  define  the  conditions  reveeuled  during  the  course  of  the  work. 

Tae  locations  of  subsurface  explorations  shoxild  be  aligned  wherever 
feasible  to  accommodate  the  construction  of  geological  cross  sections  in 
variotis  directions  through  critical  parts  of  the  site. 

In  the  investigation  of  known  or  suspected  faults,  borings  should  be 
laid  out  in  line  parallel  to  the  alignment  of  the  faxilt.  Inclined  borings 
should  be  used  in  addition  to  vertical  borings  to  assure  that  the  fault 
plane  will  be  intersected. 

aclng  and  depth  by  zone.  Exploratory  zones  within  which  subsurface 


exploration  for  a particular  project  may  be  carried  out  6u:e  designated  as 
Zones  I through  III,  as  defined  in  Section  B.  Requirements  of  spacing  and 
depth  are  as  follows: 

1.  Zone  I.  Appendix  D gives  standards  of  spacing  and  depth  of  explora- 
tion generally  acceptable  for  Zone  I under  normal  conditions.  Greater  spacings 
or  lesser  depths  may  be  acceptable  in  cases  where  they  can  be  shown  to  be 


adequate . 

11.  Zone  II.  Subsurface  explorations  should  be  carried  out  with 
spacing  and  depth  of  penetration  as  necessary  to  define  the  general  geolog- 
ical conditions  of  the  site.  In  planning  the  exploration  program  for 
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Zone  U,  consideration  should  he  given  to  the  possihility  that  the  planned 
locations  of  structures  may  he  changed,  and  to  the  possibility  that  such 
changes  may  require  an  expensive  second  round  of  exploration  in  order  to 
define  adequately  the  subsurface  conditions  at  the  final  locations. 

iii.  Zone  III.  Subsurface  investigations  need  not  be  done  routinely 
in  Zone  III,  but  may  be  neede<?  . -ne  instances  to  define  geological 
conditions  necessary  to  an  evaj.ua..xon  of  the  site  geology.  Detailed 
exploration  of  faults  in  Zone  III  vlll  be  reqvilred  in  some  Instances,  in 
accordance  with  the  requirements  of  Appendix  A,  10  CFR  Part  100. 

7.  Investigations  Required  During  Construction 

It  is  essential  to  verify  dtoring  construction  that  in  situ  conditions 
are  the  same  as  those  used  for  analysis  and  design.  Excavations  made  diiring 
construction  provide  opportunities  for  obtaining  additional  geological  euid 
geotechnical  data  at  relatively  little  cost.  All  construction  excavations 
on  the  site  should  be  geologically  mapped  and  logged  in  detail,  vith  partic- 
ular attention  to  the  identification  of  any  thin  strata  or  other  geological 
features  that  might  be  in^jortant  to  the  foundation  behavior  but  might  be 
difficult  to  detect  in  boreholes.  If  subsurface  conditions  differ  from 
those  anticipated  in  such  a vay  as  to  cast  doubt  on  the  foundation  perfor- 
mance, additional  borings  or  soundings  should  be  made  to  resolve  such  doubt. 

In  deep  excavations,  the  foundations  may  be  endangered  by  r jvements 
of  soil  adjacent  to  the  excavation.  Also,  in  some  types  of  soils,  if  exces- 
sive dlspleicements  are  permitted  to  occur,  the  strength  might  be  reduced  to 
such  an  extent  that  the  soil  is  rendered  permanently  unfit  for  use  iinder  or 
culjacent  to  important  structures.  The  sides  of  deep  excavations  in  soil 
and  the  surface  of  the  ground  adjacent  should  be  monitored  throughout  the 
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time  the  excavations  are  open  to  observe  any  settlement  or  horizontal 
movements.  The  bottoms  of  excavations  should  be  monitored  to  observe  any 
heave . 

All  piezometers  on  the  site  should  be  regularly  monitored.  If  materials 
beneath  the  subgrade  elevation  are  stratified  and  contain  sand  or  silt  layers, 
or  if  artesian  pressures  exist,  piezometers  should  be  Installed  at  the  loca- 
tions of  excavations,  extending  to  at  least  the  depth  of  s\ibgrade  elevation 
belov  the  original  ground  surface,  to  monitor  groundwater  pressures  and 
the  stability  of  the  excavation  against  uplift.  Where  dewatering  is  involved, 
piezometers  should  be  installed  to  monitor  water  levels  beneath  the  exca- 
vation and  in  the  groimd  adjacent  to  it. 
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APPETOIX  B 


DEFINITIONS 

For  the  purposes  of  this  guide,  the  following  words  and  terms  are 
used  with  intended  meanings  as  indicated: 

Accessible  excavation  means  an  excavation,  made  for  the  purpose  of 
investigating  materials  or  conditions  below  the  ground  surface,  of  such 
shape  and  dimensions  as  to  pemit  the  entry  of  personnel  for  direct 
examination,  testing,  or  sampling. 

Area  ratio,  of  a sampling  device,  is  defined  as: 


e 


where  D^  is  the  outside  diameter  of  that  part  of  the  sampling  device  that 
is  forced  into  the  soil,  and  is  the  diameter  of  the  cutting  edge. 

Boring  means  an  exploratory  hole  in  soil  or  rock,  or  both,  made  with 
removal  of  materleils  in  the  form  of  samples  or  cuttings  (cf.  sounding) . 

Disturbed  sample  means  a sample  vrtiose  Internal  structure  has  been 
damaged  to  such  a degree  that  it  does  not  reasonably  approximate  that  of 
the  material  in  situ.  Such  a saii5)le  may  be  completely  remolded,  or  it 
may  bear  a resemblance  to  an  imdisturbed  san^le  in  having  preserved  the 
gross  shape  given  it  by  a sampling  device. 

In  situ  test  means  a test  performed  on  in  situ  soil  or  rock  for  the 
ptirpose  of  determining  some  physical  property.  As  used  in  this  guide,  it 
Includes  a geophysical  measurement  from  which  a value  of  a physical  property 
can  be  inferred  or  detemined  by  correlations. 
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Inside  clearance  ratio,  of  a san^ling  device,  is  defined  eis: 


L 


I 


I 


e 

vhere  is  the  inside  diameter  of  the  sample  tube  or  liner  and  is  the 
diameter  of  the  cutting  edge. 

Piezometer  means  a device  or  instrument  for  measuring  pressure  head 
in  groundwater  or  the  position  of  the  groundwater  table. 

Principal  borings  means  those  borings  that  are  used  as  the  principal 
source  of  subsurface  information  to  define  the  geology  of  the  site  and  to 
determine  the  properties  of  the  subsurface  materials , and  which  are  used  to 
explore  and  sample  all  soil  or  rock  strata  within  the  interval  penetrated. 
Not  included  are  borings  from  which  samples  are  not  taken,  borings  used  to 
investigate  specific  or  limited  intervals,  or  borings  so  close  to  others 
that  the  information  yielded  represents  essentially  a single  location. 

Remolded  sample  means  a sample  which  has  been  disturbed  to  such  an 
extent  that  its  structure  is  determined  by  the  stresses  and  strains  under- 
gone during  and  after  sampling,  and  the  effect  of  in  situ  conditions  is 
obscured . 

Representative  sample  means  a sample  that  contains  all  of  the  mineral 
constituents  of  the  stratum  from  which  it  is  taken,  in  the  same  proportions 
with  the  same  grain-size  distribution,  and  is  uncontaminated  by  foreign 
materials  or  by  chemical  alteration. 

Sovinding  means  an  exploratory  penetration  below  the  ground  surface  by 
means  of  a device  that  is  used  to  measure  or  observe  some  property  of  the 
materials  penetrated,  usually  without  recovery  of  samples  or  cuttings. 
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Specific  recovery  ratio,  in  the  advance  of  a sainple  tube,  is  defined  as: 

R 

s AH 

where  AL  is  the  increment  of  length  of  sainple  in  the  tube  corresponding  to 
an  Increment  AH  of  sampler  advance. 

Structure . in  soil  or  rock,  means  a con^lex  physical wnechanical  property, 
components  of  which  are  the  sizes,  shapes,  and  Etrrangements  of  the  constit- 
uent grains  and  intergranular  matter,  and  the  forces  acting  among  the 
constituents . 


Supplementary  borings  or  supplementary  soundings  means  borings  or 
soundings  that  are  made  in  addition  to  principal  borings , for  some  specific 
or  limited  purpose. 

Undisturbed  sample  means  a sample  obtained  and  treated  in  such  a way 
that  disturbeuice  of  its  original  structure  is  insignificant,  so  that  the 
sample  is  suitable  for  laboratory  tests  of  material  properties  that  depend 
on  structure. 

Zone  I means  a composite  area,  defined  for  the  purposes  of  site  inves- 
tigation, consisting  of  the  immediate  areeis  of  the  foundations  of  safety- 
related  (Seismic  Category  l)  structures  or  systems,  and  all  other  areas  in 
which  foundation  failures  or  ground  instability  could  endanger  such  struc- 
tures or  systems. 


Zone  II  means  a composite  area,  defined  for  the  purposes  of  site 
investigation,  consisting  of  those  areas  within  the  site  boundary,  or  in 
which  structures  or  systems  appurtenant  to  the  plant  are  located,  but 


Zone  III  meems  a composite  area,  defined  for  the  purposes  of  site 
investigation,  consisting  of  those  areas  that  are  not  included  in  Zones 
I or  II,  that  are  in  the  environs  of  the  site  and  have  close  geological 
affinities  to  the  site,  and  in  which  an  understanding  of  the  geological 
conditions  is  needed  for  a complete  assessment  of  the  geology  of  the  site. 
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Shot  Core  Boring  advanced  by  ro-  Large  diameter  cores  and  Can  not  be  used  in  drilling  at 

Boring  tatlng  single  core  accessible  boreholes  in  large  angles  to  the  vertical. 

(Calyx)  barrel  which  cuts  by  rock.  Often  ineffective  in  securing 

grinding  with  chilled  simJ.1  diameter  cores. 
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APPENDIX  E 


REVIEW  OF  SUGGESTED  STANDARDS  FOR  NUMBER  AND  DEPTH 
OF  BORINGS  FOR  SITE  INVESTIGATIONS 


The  table  in  this  appendix  sinnmarizes  the  results  of  a review  of 
published  recommendations  for  depths  and  number  of  borings  that  should 
be  provided  for  investigations  of  the  sites  of  major  engineering  pro 
Jects.  This  coB5)ilation  is  not  exhaustive,  but  is  representative  of 
the  published  expression  of  authoritative  professional  opinion  on  the 
subject.  The  work  was  done  to  aid  in  the  formulation  of  the  proposed 
guidelines  that  re  given  in  Appendix  D.  Appendix  E is  not  itself 
intended  to  be  a part  of  the  proposed  guidelines  for  site  investiga- 
tions. 
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Engineer  NateiSrays  Experiaent  Station  ; 6L-79-I5) 

Prepared  for  U.  S.  Nuclear  Regulatory  Coeaission,  Wash- 
ington, D.  C.,  under  Contract  No.  AT(49-24)-0104. 

References:  p.  A-1 — A-3. 

1.  Foundation  investigations.  2.  Nuclear  power  plants. 

3.  Site  investigation.  4.  Subsurface  exploration.  I.  United 
States.  Nuclear  Regulatory  Coaaission.  II.  Series:  United 
States.  Waterways  Experiaent  Station,  Vicksburg,  Miss. 
Miscellaneous  paper  ; GL-79-15. 

TA7.W34B  no.GL-79-lS 


